The pH dependence of breakdown of various purified brain proteins by cathepsin D preparations.
In a continuing study of control processes of cerebral protein catabolism we compared the activity of cathepsin D from three sources (rat brain, bovine brain, and bovine spleen) on purified CNS proteins (tubulin, actin, calmodulin, S-100 and glial fibrillary acidic protein). The pH optimum was 5 for hydrolysis with tubulin as substrate for all three enzyme preparations, and it was pH 4 with the other substrates. The pH dependence curve was somewhat variable, with S-100 breakdown relatively more active at an acidic pH range. The formation of initial breakdown products and the further catabolism of the breakdown products was dependent on pH; hence the pattern of peptides formed from glial fibrillary acidic protein was different in incubations at different pH's. The relative activity of the enzyme preparations differed, depending on the substrate: with tubulin and S-100 as substrates, rat brain cathepsin D was the most active and the bovine spleen enzyme was the least active. With calmodulin and glial fibrillary acidic protein as substrates, rat brain and spleen cathepsin D activities were similar, and bovine brain cathepsin D showed the lowest activity. Actin breakdown fell between these two patterns. The rates of breakdown of the substrates were different; expressed as ?g of substrate split per unit enzyme per h, with rat brain cathepsin D activity was 8-9 with calmodulin and S-100, 4 with glial fibrillary acidic protein, 1.8 with actin, and 0.9 with tubulin. The results show that there are differences in the properties of a protease like cathepsin D, depending on its source; furthermore, the rate of breakdown and the characteristics of breakdown are also dependent on the substrate. We recently measured the breakdown of brain tubulin by cerebral cathepsin D in a continuing study of the mechanisms and controls of cerebral protein catabolism (Bracco et al., 1982a). We found that tubulin breakdown is heterogeneous, that membrane-bound tubulin is resistant to cathepsin D but susceptible to thrombin (Bracco et al., 1982b), and that cytoplasmic tubulin was in at least two pools, one with a higher, another with a lower, rate of breakdown. The pH optimum of tubulin breakdown by cerebral cathepsin D differed significantly from the pH optimum of hemoglobin breakdown by the same enzyme. These findings showed that the properties of breakdown by a cerebral protease depend on the substrate. To further examine this dependence of properties of breakdown on the substrate, we now report measurements of pH dependence of breakdown of several purified proteins (tubulin, actin, calmodulin, S-100, glial fibrillary acidic protein [GFA]) from brain by cathepsin D preparations from three sources, rat brain, bovine brain, and bovine spleen. We also compare the rate of breakdown of the various proteins with the rate of hemoglobin breakdown.